Summary
Introduction
It is well recognized that changes in arterial pressure accompany natural behaviour patterns in animals and man (Harris & Brady, 1974; Cohen & Obrist, 1975) . In animals the directions of pressure changes associated with feeding, drinking, exploration or sleep appear relatively constant for each behaviour. However, it is not known if the magnitude of pressure changes associated with different behaviour differs in a constant and predictable way. Moreover, although it is now established that central catecholaminergic neurons in the A2 region of the medulla modulate the control of arterial pressure (Talman, Snyder & Reis, 1980) , the role Correspondence: Dr Joseph E. LeDoux, Laboratory of Neurobiology, Department of Neurology, Cornell University Medical College, 4 1 1 East 69th Street, New York, New York 10021, U.S.A. of these neurons in the regulation of behaviorally specific changes in arterial pressure is unknown.
In the present study we have therefore measured the changes in arterial pressure and heart rate and their variability during the performance of a repertoire of natural behaviour in the rat.
Methods
Male Sprague-Dawley rats were fitted with an indwelling aortic cannula for recording arterial pressure and heart rate while awake and freely moving, as described elsewhere (Talman er al., 1980) . Some animals had electrodes fitted by standard techniques for recording electroencephalogram (EEG) and neck muscle electromyogram (EMG) in order to determine the phases of sleep (Junqueira & Krieger, 1976) . During recording sessions the cannula was connected by a strain-gauge transducer to a pen writer and also to a laboratory minicomputer for storage and processing of data. EEG and EMG were recorded on-line.
Six animals were housed in individual cages.
They were permitted access to food for only 3 h each day after a recording session. The home cage was placed in an observation chamber for 1.5 h each day ( 5 days of acclimatization, 4-5 days of observation). After 30 min laboratory chow was provided. When first presented with food the animal reliably engaged in five types of behaviour: eating, drinking, grooming, exploration and resting. In seven other animals equipped for recording EEG and EMG, resting was further categorized as quiet wakefulness, synchronized or slow-wave sleep, and desynchronized or rapid eye movement sleep by conventional criteria.
In the observation chamber an observer encoded the animals' behaviour and signalled the beginning and end of each episode to the computer. The computer segregated and scored the epoch with respect to the behaviour and its duration, and computed the average and variability of heart rate and mean arterial pressure. In this manner the cardiovascular events associated with the performance of specified behaviour could be registered within and between animals. In five additional animals, electrolytic lesions were placed in the medulla to destroy the A2 catecholamine group and part of medial nucleus tractus solitarius by methods described elsewhere (Talman et al., 1980) . Controls were sham-operated.
Results
Changes in arterial pressure and heart rate associated with expression of different behaviour patterns are hierarchically organized. The rank order was consistent for the performance of the behaviour in and between the subjects. As shown in Table 1 , the highest pressures were associated with eating and drinking, which were significantly higher (P < 0.05) than those of grooming and exploration, which were in turn higher than those during resting (P < 0-05). The variability of arterial pressure was significantly lower during rest than during other behaviour (P < 0.05). The average heart rate was lower during rest (P < 0.05) but its variability was unchanged.
The distribution of arterial pressure during rest was further analysed by segregating rest into the components of quit wakefulness and the two stages of sleep. During slow-wave sleep, arterial pressure and its variability were each significantly lower than in quiet wakefulness (P < 0.0 1). During episodes of desynchronized sleep, there were tonic and phasic increases in arterial pressure, the average value of arterial pressure being not significantly different from the average value during quiet wakefulness. The variability of arterial pressure during desynchronized sleep was significantly higher than during slow-wave sleep (P < 0.01). Heart rate was significantly lower during slow-wave and desynchronized sleep than during quiet wakefulness (P < 0.01). Average values for desynchronized and slow-wave sleep were not significantly different, but a greater lability was found during desynchronized sleep Lesions of the A2 catecholamine group in five rats resulted in chronic lability of arterial pressure, as previously described (Talman et al., 1980) . Such lesions did not alter the ordering of pressure responses during behaviour. Eating and drinking were associated with higher pressures than grooming and exploring (P < 0.05), which were higher than testing (P < 0-05). Animals with A2 lesions showed lower average pressures than controls during grooming, exploration and rest (P < 0.05). Although average pressure was not different in animals with A2 lesions and in control rats, elevations up to 80 mmHg above resting baseline were seen in some animals with lesions during eating and drinking.
(P < 0.05). 'Average values of arterial pressure during eating and drinking were greater than during grooming and exploring (P < 0.05). which were greater than during resting (P < 0.05). Differences between eating and drinking as well as between exploring and grooming were not significant. Variability of arterial pressure was not different during eating, drinking, grooming and exploring, but each was different from resting (P < 0.05).
$ Average heart rate was not different during eating, drinking, grooming and exploring, but each was different from resting (P < 0.05).
41 Variability of heart rate during eating, drinking, grooming and exploring was not different.
Variability during resting was lower than during all other behaviour (P < 0.05).
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This study demonstrates that the changes in arterial pressure associated with a variety of natural behaviour patterns in the normal rat is hierarchically organized. There is a similar ordering in the average magnitude of changes of pressure between the same behaviour within repetitive trials in a single subject and between subjects. The highest average pressures occur with consummatory behaviour, eating and drinking; lower pressures are associated with grooming and exploration; and the lowest pressures occur during rest. In addition, slow-wave sleep was associated with changes of arterial pressure that were smaller than those obtained during quiet wakefulness and desynchronized sleep. The differences in pressure during behaviour cannot be attributed to differences in motor activity since motility was, in fact, greater during exploration than eating. The physiological mechanism accounting for variations of arterial pressure during different behaviour patterns is not certain, but may reflect the differences in the balance between cardiac output and regional vascular resistances underlying variable distribution of organ blood flow which characterize the different behaviour. Thus, during the performance of a motor act, such as exploration or grooming, blood flow would be expected to increase to muscle at the expense of viscera. In contrast, in appetitive behaviours, as feeding or drinking, flow to muscle is probably reduced while visceral flow is increased.
Lesions of catecholamine neurons of the A2 group lying in the medial nucleus tractus solitarius resulted in chronic lability of arterial pressure, as previously reported (Talman et al., 1980) . Such lesions did not significantly alter the hierarchical organization of pressure changes associated with different vehaviour patterns. Therefore the rank ordering of arterial pressure is not dependent upon the integrity of this particular catecholamine group. A2 lesions, however, resulted in many rats in exaggerated rises and falls of the pressure response during different behaviour patterns. This finding is consistent with the view that catecholaminergic innervation of the nucleus tractus solitarius largely from A2 serves to modulate baroreceptor function and to dampen the excursions of arterial pressure associated with emotional behaviour (Snyder, Nathan & Reis, 1978; Talman el al., 1980) .
